Changes in synaptic efficacy of dentate granule cells during operant behavior in rats.
It is widely accepted that long-term potentiation (LTP) is one of the fundamental physiological mechanisms underlying memory function based on its response properties and behavior of the induced sites. Many experimental approaches have been used to investigate whether the mechanisms underlying LTP are activated during learning and whether these mechanisms underlie the formation of certain types of memory. However, relatively few studies have reported the time course of changes in the efficacy of synaptic transmission in the learning process. We simultaneously monitored changes in slope of field EPSPs (fEPSP slope) and the amplitude of population spikes (pop. spike) in perforant path-evoked potentials in the dentate gyrus over the course of an appetitively motivated operant paradigm in freely moving rats. We found that the fEPSP slope recorded from the granule cell layer was potentiated about 7%, the fEPSP slope recorded from the molecular layer was depressed about 20%, and the amplitude of pop. spike recorded from the granule cell layer was significantly depressed about 40% after the trial in which rats began to press the lever frequently. These results suggested that the granule cells in the dentate gyrus received excitatory inputs in the somatic region and inhibitory inputs in the dendritic region, and that outputs from the granule cells were significantly reduced in the process of acquisition of the operant behavioral task. We observed no LTP in this study although our rats were capable of having LTP induced by a high-frequency stimulus. The depression of fEPSP slope induced without any artificial stimulation in this study is thought to be another neural mechanism underlying learning and memory. The origins of excitatory and inhibitory inputs are unknown at the moment.